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The Src family kinases (SFKs) are believed to mediate some of the early events of egg activation at fertilization — intracellular Ca2+ increase
and resumption of the second meiotic division (RMII). SFKs are both necessary and sufficient for triggering intracellular Ca2+ increase in eggs of
sea urchin, sea star, Xenopus etc, but their role in mammalian eggs is not entirely determined. In this study we examined the involvement of SFKs in
the events leading to Ca2+ increase in rat eggs and demonstrated their involvement in RMII.
Microinjecting mRNAs of active forms of Fyn or c-Yes but not of c-Src, into ovulated eggs, triggered RMII without evoking Ca2+ increase. A
specific SFKs inhibitor (SU6656) or dominant-negative (DN) forms of Fyn or c-Yes were unable to block Ca2+ oscillations rather, modulated them,
in fertilized eggs or in parthenogenetically activated eggs. Moreover, inhibiting SFKs activity blocked RMII and decreased the level of cyclin B1
degradation.
Our results imply participation of SFKs in the signal transduction pathway leading to egg activation, but not in the one leading to Ca2+ increase.
We propose that SFKs act downstream to Ca2+ increase at the level of M-phase promoting factor (MPF).
© 2007 Elsevier Inc. All rights reserved.Keywords: Fertilization; Ca2+ rise; Fyn; c-Src; c-Yes; Src family kinase inhibition; MPFIntroduction
At fertilization, the eggs of all species studied to date exhibit
a transient rise in intracellular free calcium ([Ca2+]i). This Ca
2+
elevation is essential for establishing the block to polyspermy
via cortical granules exocytosis (CGE), for resumption of the
second meiotic division (RMII) and for further embryonic
development (Runft et al., 2002; Stricker and Smythe, 2003).
Mammalian eggs express phospholipase C (PLC; DuPont et al.,
1996; Mehlmann et al., 1998) that, upon activation, hydrolyzes
phosphatidylinositol 4,5-bisphosphate (PIP2) to the second
messenger inositol 1,4,5-trisphosphate (IP3) and 1,2-diacylgly-
cerol (DAG). IP3 interacts with IP3 receptor (IP3R) at the endo-
plasmic reticulum, thus inducing Ca2+ release. DAG triggers
activation of protein kinase C (PKC; Patel et al., 1999; Eliyahu
and Shalgi, 2002). RMII is triggered only by Ca2+ increase
whereas CGE is triggered independently by either Ca2+ rise or⁎ Corresponding author. Fax: +972 3 6406149.
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triggered parthenogenetically by agents like: SrCl2, IP3, sperm
factor, thimerosal, adenophostin A, all induce repetitive and
regular [Ca2+]i oscillations and mimic sperm-induced calcium
dynamics or by ionomycin that induces only a single calcium
transient. All these agents cause egg activation up to polar body
II (PBII) extrusion (Tomashov-Matar et al., 2005).
Src family kinases (SFKs) are members of a large family of
membrane-associated protein tyrosine kinases (Thomas and
Brugge, 1997). As opposed to transformed cells, normally
growing cells have a strictly regulated cell cycle control that
responds to a variety of extracellular stimuli. Some evidence
indicates the importance of c-Src and other SFKs in the control
of the normal cell cycle. Transient activation of SFKs at growth
factor-induced G0→G1 transition and at mitosis has been well
documented (Thomas and Brugge, 1997; Abram and Court-
neidge, 2000). Membrane receptor-mediated cell functions such
as immune responses of T- and B-cells, adhesion and survival
are also known to involve SFKs (Thomas and Brugge, 1997;
Abram and Courtneidge, 2000; Martin, 2001). Spontaneous
kinase-activating mutation or unusual over-expression of re-
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transformation (Frame, 2002; Biscardi et al., 2000).
SFKmembers can compensate for each other, as is the case in
knock-out mice such as c-Yes (−/−) or Fyn (−/−). These mice are
fertile, though they survive with severe developmental abnorm-
alities (Stein et al., 1994; Umemori et al., 1994). The c-Src (−/−)
knock-out mice develop normally but die soon after birth
(Soriano et al., 1991). Mice with double knock-outs, such as c-
Src (−/−)/c-Yes (−/−), do not survive (Stein et al., 1994). Fyn
and c-Yes are expressed in mouse eggs (Mehlmann and Jaffe,
2005) whereas rat eggs express c-Src as well (Talmor-Cohen et
al., 2004a).
Activation by sperm of SFKs and PLCγ within eggs of sea
urchin, ascidians, Xenopus and zebrafish at fertilization is
essential for egg activation, as demonstrated by the use of a
variety of pharmacological inhibitors (Abassi et al., 2000; Runft
and Jaffe, 2000; Sato et al., 2000; Wu and Kinesy, 2002) and of
SH2-mediated interfering strategies (Giusti et al., 2003;
Mehlmann and Jaffe, 2005; Meng et al., 2006; Runft et al.,
2004). A study demonstrating that an active Src protein triggers
Ca2+ rise, when injected into starfish eggs, but is unable to
rescue eggs that had already been injected with dominant-
negative (DN) PLCγ protein, places the SFKs upstream to PLCγ
in the signal transduction pathway leading to activation of in-
vertebrate eggs (Giusti et al., 2000). Pharmacological studies
have implicated activity of PLC and of tyrosine kinase in the
pathway leading to Ca2+ rise at the fertilization of mouse and
Xenopus eggs (DuPont et al., 1996; Sato et al., 2006). On one
hand, SH2-mediated dominant interference of PLCγ or of SFKs
had no effect on sperm-induced Ca2+ rise at fertilization of
amphibian and mammalian eggs (Mehlmann et al., 1998;
Mehlmann and Jaffe, 2005; Meng et al., 2006; Runft et al.,
1999), thus raising the issue of the involvement of PLCγ and
SFKs in Ca2+ rise in these species (Sato et al., 2006). On the
other hand, injection of a constitutively active (CA) form of Fyn
protein combined with tr-kit caused phosphorylation of PLCγ in
mouse eggs (Sette et al., 2002). A new PLC, extracted from
mammalian sperm and named PLCζ (Saunders et al., 2002),
caused Ca2+ oscillations in mouse and human eggs (Cox et al.,
2002; Rogers et al., 2004). However, the signal transduction
leading to PLCζ-induced Ca
2+ oscillations during normal fertil-
ization is still unknown. Specific pharmacological (PP2, laven-
dustin A) and peptide (peptide A) inhibitors of SFKs had no
effect on Ca2+ rise in mouse eggs (Kurokawa et al., 2004a,b)
whereas RMII was blocked in rat eggs activated by ionomycin
in the presence of SFKs inhibitors (PP2, SU6656; Talmor-
Cohen et al., 2004a).
The studies summarized above are not consistent with the
involvement of SFKs in Ca2+ release during mammalian eggs
fertilization. Moreover, the information regarding SFKs invol-
vement in RMII is limited. The aim of the present study is to
clarify the role of c-Src, Fyn and c-Yes in the signal transduction
pathway leading to Ca2+ oscillations, RMII and CGE. Our
results show that Fyn and c-Yes play an essential role in the
cellular events leading to RMII at the level of M-phase pro-
moting factor (MPF; a complex of cdc2 and cyclin B1) but
are not crucial for triggering the first [Ca2+]i rise. Thesubsequent [Ca2+]i oscillations and CGE are modulated by
SFKs.Materials and methods
Animals
Wistar-derived rats were housed in air conditioned light controlled rooms.
Twenty three to twenty five day-old females were primed with 10 IU of pregnant
mares’ serum gonadotrophin (PMSG; Syncro-Part, France) followed 48–54 h
later by 10 IU of human chorionic gonadotrophin (hCG; Sigma Chemical Co.,
St. Louis, MO, USA).
MII and fertilized eggs
Fourteen hours after hCG administration MII eggs were collected from the
oviductal ampullae into culture medium (Toyoda HEPES [TH] medium
supplemented with 0.4% bovine serum albumin [BSA, fraction V, Sigma;
Talmor et al., 1998] or Ca2+ and Mg2+-free TH medium [TH−/−] supple-
mented with 0.4% BSA). Cumulus cells were removed by hyaluronidase (H-
3631; Sigma).
Ovulated MII eggs were parthenogenetically activated in vitro by various
activators: 1. Phorbol ester 12-O-tetradecanoyl phorbol-13-acetate (TPA; 30 ng/
ml; Sigma) or ionomycin (407950; Calbiochem, San Diego, CA) for 5 min
(Eliyahu and Shalgi, 2002). 2. SrCl2 (2 mM in TH−/− medium; Merck,
Darmstadt, Germany) for 8 min (Tomashov-Matar et al., 2005). 3. Mouse PLCζ
cRNA (0.02 mg/ml; kindly donated by Dr. Swann and Dr. Lai, Cardiff
University, UK) was microinjected into freshly ovulated MII eggs prior to 1–
2 h of incubation (translation period). 4. Puromycin (20 μM; Sigma; Zernica-
Goetz, 1991) for 3 h in the presence or absence of N-(6-Aminohexyl)-5-chloro-
1-naphthalenesulfonamide hydrochloride (W7-CaMKII inhibitor; 20 μM;
Sigma).
In some experiments, MII eggs were incubated in the presence of a selective
SFKs inhibitor against c-Src, Fyn and c-Yes (SU6656, 1–5 μM dissolved in
DMSO; Calbiochem; Talmor-Cohen et al., 2004a) before and after being
subjected to parthenogenetic activation by either PLCζ, puromycin, SrCl2 or
TPA. Eggs were fixed and monitored for morphological criteria that indicate
progression through the egg activation process: calcium elevation, RMII and
CGE. Eggs incubated in medium devoid of SU6656 served as control. Data are
expressed as percent of eggs that resumed meiosis or demonstrated CGE, per
total number of eggs examined.
Eggs were either fertilized in vivo and then collected from oviductal
ampullae of mated rats 15.5 h after hCG administration or fertilized in vitro
(IVF) in rat fertilization medium (RFM; Ben-Yosef et al., 1993).
Molecular cloning and sequence analysis of SFKs
The full-length sequence of human cDNA encoding Fyn and c-Yes
(I.M.A.G.E. clones, ID numbers 3613878 and 5296819 respectively, ResGen,
USA) and of mus-musculus cDNA encoding c-Src wild-type (wt) and a CA
mutant (I.M.A.G.E. clone, ID number 4192014, ResGen, kindly received from
Prof. Dascal N. Tel-Aviv University, Israel) were obtained by PCR amplification
with pfu polymerase (Stratagene, CA, USA). The single amplified DNAs of
Fyn, c-Src and c-Yes (∼1.6 kb each) were inserted into pCMV-Tag 4A, with an
in-frame FLAG epitope at the 3′-end (Stratagene). Both strands of ten
independent colonies were sequenced and analyzed for open reading frame by
MacVector 6.5 (Oxford Molecular, UK).
Point mutation and complementary RNA synthesis
Amino acid substitutions for CA mutants of Fyn and c-Yes were performed
using the QuikChange Site-Directed Mutagenesis Kit (Stratagene) at the
following positions: Fyn 530Tyr substituted by 530Phe to produce Y530FFyn; c-
Yes 537Tyr substituted by 537Phe to produce Y537Fc-Yes. The CA mutants served
as templates for constructing DN mutants. The amino acid substitutions for DN
mutants were performed at the following positions: Y530FFyn 298Lys substituted
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produce Y537F,K305Rc-Yes. Sequences were verified prior to synthesis of com-
plementary RNAs (cRNAs). cRNAs were synthesized from linearized pCMV-
Tag 4A Y530FFyn, Y537Fc-Yes, Y530F,K298RFyn and Y537F,K305Rc-Yes (Ribomax
RNA synthesis, Promega, Madison, USA) in the presence of 3 mM m7G(5′)ppp
(5′)G (NEB, Ipswich, MA, USA), precipitated by isopropanol and resuspended
in DEPC-treated water containing 4 U/μl RNasin (Promega). The Reticulocyte
Lysate System (Promega) was used for checking in vitro the translation of the
cRNAs in the presence of [35S]methionine. The products were analyzed by 10%
SDS–PAGE followed by autoradiography as described by Saunders et al. (2002).
The primers used for cloning and mutageneses are summarized in Table 1.
Bacterial expression and kinase activity of SFKs
To check the kinase activity of each mutant SFK, we used a bacterial ex-
pression system. Mutant and wt SFKs were subcloned into pET-28a,b
(Novagen®, Merck) with an in-frame hexahistidine tag. The mutant and wt
SFKs-Histag proteins were produced in 0.2% w/v arabinose-induced, BL21
(DE3)pLysS E. coli (Stratagene) after freeze–thaw extraction of the pelleted
bacteria and ultrasonication cycles, they were purified by nickel affinity chro-
matography (ProBond, Invitrogen, CA, USA). Protein quantitation was
performed using the BCA protein assay (Pierce, Rockford, IL, USA). Kinase
activity of the purified proteins was tested as reported byWu and Kinesy (2002).
Microinjection
MII eggs were microinjected with various cRNAs at a volume of 3–5% of
the egg volume, using the FemtoJet microinjector (Eppendorf, Germany). DN or
wt cRNAs and the vehicle alone served as controls.
Eggs microinjected with DN or wt cRNAs were subjected to IVF. The eggs
were fertilized 2 h post injection. IVF of non-injected MII arrested eggs served
as control. Three and a half hours later the eggs were fixed and stained for DNA
(Hoechst; 2 μg/ml). Activation was scored by the occurrence of RMII.
Immunofluorescent staining and laser-scanning confocal microscopy
Eggs were fixed and permeabilized (Talmor et al., 1998) and then incubated
in the presence of one of two primary antibodies: anti-FLAG antibody (mouse
monoclonal antibody [mAb]; 1:5000; Sigma) or anti-phospho-Src family (Tyr-
416) antibody (polyclonal antibody [pAb]; 1:100; Cell Signaling, Danvers, MA,
USA) followed by an incubation with Cy-conjugated secondary antibodies
(Jackson Immunoresearch Laboratories, Baltimore, MD, USA): donkey anti-
rabbit IgG-Cy3 (1:1000) for the pAbs or donkey anti-mouse IgG-Cy2 (1:1000)
for the mAbs. Groups of 3–4 eggs from each experiment were recorded.
DNA was detected by Hoechst 33342 (Sigma). CGE was detected as
described by Eliyahu and Shalgi (2002). The staining intensity was calculatedTable 1
Cloning and mutagenesis primers
# Name Sequence
1 Fyn amplification 5′ aaaggatccataatgggctgtgtgcaatgt 3′
5′ aaagaattccaggttttcaccaggttggta 3′
2 c-Yes amplification 5′ aaaattaagcggccgcataatgggctgcattaaaag 3′
5′ aaagatatctaaattttctcctggc 3′
3 c-Src amplification 5′ aaaggatccggacccatgggcagcaacaaga 3′
5′ aaagaattccagtaggttctccccgggct 3′
4 Fyn CA 5′ cagagccccagttccaacctggtgaaaac 3′
5′ gttttcaccaggttggaactggggctctg 3′
5 Fyn DN 5′ aagtagccataaggactctta 3′
5′ taagagtccttatggctactt 3′
6 c-Yes CA 5′ gctacagagccacagttccagccaggag 3′
5′ ctcctggctggaactgtggctctgtagc 3′
7 c-Yes DN 5′ tagcaatcagaacactaaaac 3′
5′ gttttagtgttctgattgcta 3′using the corrected mean density values obtained by the LSM software (Abbott
et al., 1999).
Stained eggs were visualized and photographed with Leica confocal laser-
scanning microscope (CLSM; Leica, Germany). Bleed-through from the Cy3 to
the Cy2 channel was examined and found to be negligible.
SDS–PAGE and western blot analysis
Samples of 50 eggs were collected in 1–3 μl TH medium as described by
Talmor-Cohen et al. (2004a). Approximate molecular masses were determined
by comparison with the migration of prestained protein standards (Amersham,
Buckinghamshire, UK). Western blot analysis was performed with either anti-
cyclin B1 IgG (mAb; 1:200; Dako, Glostrup, Denmark) or anti-CDC2 IgG
(pAb; 1:1000; Santa Cruz, Santa Cruz, CA, USA). Bound antibodies were
recognized by horseradish peroxidase (Jackson Immunoresearch Laboratories)
conjugated to either anti-rabbit (1:10,000) antibodies for the pAb or donkey anti-
mouse (1:5000) for the mAb. Detection was performed by an enhanced
chemiluminescence (ECL; Pierce).
[Ca2+]i measurement
MII eggs were loaded with the Ca2+-sensitive dye, fura-2-AM (3 μM;
Molecular probes, Eugene, OR, USA), as described by Ben-Yosef et al. (1993).
Several sets of experiments were performed for monitoring free Ca2+: 1. During
activation by either SrCl2 (2 mM), PLCζ (0.2 mg/ml) or thapsigargin (2 μM;
Sigma) in the presence or absence of SU6656 (5 μM). 2. After injection of CA or
wt SFKs cRNAs (0.2 mg/ml). 3. During IVF or activation by either SrCl2
(2 mM) or thapsigargin (2 μM) performed 3 h after the eggs had been injected
with either DN or wt SFKs cRNAs (0.2 mg/ml) or water. 4. During IVF of eggs
that had been pre-incubated in the presence of SU6656 (5 μM).
Statistical analysis
Data were evaluated by one-way ANOVA, Pb0.05 was considered
significant.
Results
In vivo translation of SFKs
We monitored the in vivo translation of microinjected wt
(Figs. 1: A′, D′, G′), CA (Figs. 1: B′, E′, H′) or DN (Figs. 1: C′,
F′) cRNAs of Fyn (Figs. 1: A′–C′), c-Yes (Figs. 1: D′–F′) and
c-Src (Figs. 1: G′, H′) to ensure that the intracellular localization
of the proteins translated from the cRNAs was not impaired
(Talmor-Cohen et al., 2004a).
All injected SFK cRNAs were translated in the egg (Fig. 1).
Control, non-injected or water injected MII eggs exhibited
staining of the egg’s membrane overlying the metaphase plate,
reflecting non-specific binding of the anti-FLAG antibody (Fig.
1: I′). Mutant and wt proteins of the three SFKs were expressed
throughout the egg cytoplasm, but c-Yes and Fyn tended to
concentrate at the egg cortex as well (Fig. 1). The progression
through the egg activation stages had no effect upon the sub-
cellular distribution of the three kinases as presented in Fig. 1.
No fluorescence was observed in eggs incubated only in the
presence of the second antibody (data not shown).
Autophosphorylation of translated SFK proteins
Although in our previous work we reported the detection of
endogenous Fyn at the spindle of MII eggs (Talmor et al., 1998),
Fig. 1. In vivo translation of the microinjected mutant and wt cRNAs (c-Src, c-Yes and Fyn). Light (A–I) and confocal (A′–I′) micrographs of eggs microinjected with
wt (A, A′, D, D′, G, G′) or mutant (CA; B, B′, E, E′, H, H′ or DN; C, C′, F, F′) cRNAs and of non-injected eggs (I, I′). Anti FLAG antibody (A′–I′; 1:5000) was
detected by fluorescent-labeled Cy secondary antibody (donkey anti-mouse [1:1000]). At least three independent experiments were performed with each cRNA of each
SFK. Images were taken at the equatorial plane of the eggs. DNA was labeled by Hoechst (2 μg/ml). Scale bar, 10 μm.
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microinjected with Fyn. This could be attributed to the FLAG
tag conformation that either makes the newly translated pro-
teins incapable of being deposited at the spindle or hinders
their detection at the spindle vicinity. To distinguish between
the two possibilities, we used an antibody directed against the
phospho-416Tyr which is a conserved site for autopho-
sphorylation in all the SFK members and is crucial for
maintaining their kinase activity. We were able to demonstrate
presence of the newly translated Fyn at the spindle vicinity
(Fig. 2I).
Eggs injected with the CA forms exhibited the most intense
fluorescence (Figs. 2I: B, E, H). The DN (Figs. 2I: C, F) forms
of SFKs presented a weaker fluorescence whereas the intensity
of the wt injected eggs was the weakest (Figs. 2I: A, D, G). No
fluorescence was observed in eggs incubated only in the
presence of the second antibody (data not shown). These results
imply interference of the FLAG tag conformation with the
labeling of Fyn at the spindle.
The in vitro autophosphorylation of Fyn, c-Src and c-Yes
was also assessed by an in vitro phosphorylation assay using
bacteria. The purified proteins of the CA forms of c-Yes, c-Src
and Fyn were autophosphorylated (Fig. 2II; lanes 2, 5 and 7,
respectively) and appeared at the expected migratory distance
according to the known molecular weight of each protein (62,
60 and 59 kDa, respectively). The proteins of the wt or DN
forms of c-Yes (lanes 1, 3, respectively), c-Src (lane 4) and Fyn
(lanes 6, 8 respectively) had only minor autophosphorylation
activity or none at all, as could be detected by the in vitro
assay.The effect of SFKs inhibition on Ca2+ oscillations
Sperm, SrCl2 or PLCζ was used in an attempt to elicit Ca
2+
oscillations. Microinjection of PLCζ cRNA into eggs initiated a
prolonged series of Ca2+ oscillations, commencing within 45–
60 min of the injection (Fig. 3IE; monitoring of eggs started 45–
60 min after injection). The oscillations frequency and ampli-
tude were slower and lower compared to those induced by a
penetrating spermatozoon during IVF (Fig. 3IA) and varied
among the eggs. This demonstrates that mouse PLCζ is capable
of evoking Ca2+ oscillations in rat eggs, but does not mimic
them precisely due to either species difference, amount PLCζ
injected or technical issues. All the PLCζ microinjected eggs
exhibited CGE (Table 2; Fig. 4C′) and extruded PBII (Figs.
4C, C′).
We employed SU6656 for examining the effect of SFKs
inhibition on Ca2+ rise. Eggs were fertilized in vitro after
30 min pre-incubated with 5 μM SU6656. The sperm-induced
Ca2+ oscillations within control eggs, not exposed to SU6656,
displayed a typical pattern of Ca2+ oscillations (Ben-Yosef et
al., 1993). Namely, the first Ca2+ transient invariably lasted
longer than the subsequent oscillations (Fig. 3IA) and exhi-
bited a set of intriguing, smaller sinusoidal increases on top
of the main peak. The subsequent oscillations continued for
around 4 h. The first Ca2+ transient, exhibited by fertilized
eggs pre-incubated with SU6656, was shorter than the one
displayed by non-exposed fertilized eggs (Fig. 3IB) and the
amplitude and number of the subsequent Ca2+ oscillations
were reduced after exposure to SU6656. Fertilized eggs, not
exposed to SU6656, exhibited 13.0±2.0 Ca2+ peaks/h (Fig.
Fig. 2. Autophosphorylation of mutant (CA or DN) or wt proteins of Fyn, c-Yes and c-Src. (I) Confocal microscopy of non-injected MII eggs (I) and of eggs
microinjected with wt (A–G) or mutant (CA (B–H) or DN (C–F)) SFK cRNAs. Anti-phospho-416Tyr (1:100) was detected by a fluorescent-labeled Cy secondary
antibody (donkey anti-rabbit IgG; 1:1000). At least three independent experiments were performed with each cRNA of each SFK. DNAwas labeled by Hoechst (2 μg/
ml). Scale bar, 10 μm. (II) In vitro autophosphorylation. Purified proteins (expressed in bacteria) were subjected to autoradiography following SDS–PAGE of [32P]
ATP-labeled proteins. c-Yes (lanes 1–3), c-Src (lanes 4–5), Fyn (lanes 6–8). wt (lanes 1, 4, 6), CA (lanes 2, 5, 7), DN (lanes 3, 8). Arrows indicate Mrs corresponding
to the predicted molecular masses of 62 (c-Yes), 60 (c-Src) and 59 (Fyn) kDa.
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peaks/h (Figs. 3IB, II). Moreover, SU6656 reduced the
number of SrCl2-induced Ca
2+ oscillations from 7.0±1.0 to
2.0±0.5 peaks/h (Figs. 3IC, D, II). The reducing effect was
even more dramatic in PLCζ cRNA injected eggs (Figs. 3IE,
F) — only a single Ca2+ peak could be observed after expo-
sure to SU6656 (Fig. 3II). The same was true for mouse eggs
injected with PLCζ cRNA (data not shown). No Ca
2+ oscil-
lations were observed in non-activated eggs, incubated in the
presence of SU6656 or DMSO. Presence of the inhibitor in the
culture medium had no effect on [Ca2+]i levels. The differ-
ences in internal calcium levels between control eggs and eggs
exposed to SU6656 came into effect once sperm was added
(Figs. 3IA, B).Can SFKs induce Ca2+ oscillations?
So far we have shown that inhibition of SFKs did not abolish
Ca2+ oscillations but rather modulated them in eggs activated by
either sperm, SrCl2 or PLCζ, thus implying that SFKs are not
necessary for evoking Ca2+ oscillations. We then investigated
the ability of the CA forms of either Fyn, c-Yes or c-Src to
induce Ca2+ oscillations and the ability of a mixture of the DN
forms of Fyn and c-Yes to block Ca2+ oscillations in sperm or
SrCl2-activated eggs. For that purpose, MII eggs were injected
with wt (Figs. 5IA, C, E) or CA (Figs. 5IB, D, F) forms of Fyn
cRNA (Figs. 5IA, B), c-Yes cRNA (Figs. 5IC, D) or c-Src cRNA
(Figs. 5IE, F). Typical patterns of the Ca2+ changes are presented
in Fig. 5I. As can be seen, only eggs injected with CA-Fyn-
Fig. 3. The effect of SU6656 on Ca2+ oscillations induced by sperm, SrCl2 or PLCζ. (I) Eggs were incubated in the absence (A, C, E) or the presence (B, D, F) of
SU6656. Ca2+ oscillations in fura-2 loaded eggs were monitored after IVF (A, B) after exposure to SrCl2 (C, D) or after microinjection of PLCζ cRNA (E, F). (II) The
number of Ca2+ oscillations recorded during the first 60 min after activation by either sperm, SrCl2 or PLCζ in the presence or absence of SU6656. The difference
between the Ca2+ oscillations frequencies of non-exposed eggs and of eggs exposed to SU6656 was significant (Pb0.01) for all 3 activators.
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very low amplitude (2 times the baseline value) compared to the
amplitude of fertilized eggs (5–10 times the baseline value; Fig.
3IA). All the monitored eggs were scored for RMII.
Ca2+ oscillations induced by either SrCl2 (Fig. 5II) or sperm
(Fig. 5III) in eggs injected with water or a mixture of the wt
cRNA forms of Fyn and c-Yes exhibited typical SrCl2-induced
Ca2+ peaks (Fig. 5IIA) or fertilization-like pattern (Fig. 5IIIA).
Injecting eggs with a mixture of the DN cRNA forms of Fyn and
c-Yes did not block Ca2+ oscillations in eggs activated by SrCl2
(Fig. 5IIB) or by sperm (Fig. 5IIIB). However, the number of
Ca2+ peaks generated in the DN-cRNA-injected eggs was re-
duced and varied among the eggs from 1 to 4. All monitored
injected eggs were scored for RMII.
In view of all these data we may conclude that Fyn and c-Yes
as well play a role only in modulating Ca2+ oscillations, but not
in initiating them.Although the modulation of Ca2+ oscillations could be
accounted for by SFKs inhibition, we also checked the effect of
SU6656 and of the over-expressed DN forms (mixture of Fyn
and c-Yes) on the Ca2+ content within the stores and on the Ca2+
influx required to refill these stores. This had already been
shown by Matson and Ducibella (2007) to be very subtle. For
evaluating the content of the [Ca2+]i stores, eggs were exposed
to thapsigargin (2 μM), a specific inhibitor of the sarcoplasmic/
ER Ca2+ ATPase pumps (Lee et al., 2006) in a Ca2+ free
medium. Neither SU6656 nor the over-expressed DN forms of
SFKs affected the intracellular Ca2+ responses elicited by
thapsigargin; the mean±SD change in the 340/380 ratio (level
after response minus the basic level) was 3.0±0.5, 3.4±0.6 and
3.2±0.5 for control, SU6656 treated and DN injected eggs,
respectively. To investigate the effect of SFKs inhibition on
capacitative Ca2+ entry, CaCl2 (3 mM) was added to the culture
medium after exposure to thapsigargin. Similar to our findings
Table 2
Quantification of CGE intensity
Activator Egg no. Relative CGE
intensity
Ratio±SU6656
Fertilization 31 1.00 –
SrCl2+SU6656 34 0.97±0.26 0.99
SrCl2 60 0.98±0.19
PLCζ+SU6656 12 0.42±0.07 1.05
PLCζ 19 0.40±0.14
TPA+SU6656 19 0.35±0.10 0.36
TPA 28 0.98±0.20
CGE intensity in eggs activated by sperm, SrCl2, PLCζ or TPA in the presence
or absence of SU6656. Intensity was calculated by the LSM software.
CGE intensity of sperm-activated eggs was arbitrarily set as 1.00. All values are
presented as mean±s.e.m. The ratio of CGE intensity between eggs exposed or
not exposed to SU6656 was calculated for each activator. The difference in
relative CGE intensity between TPA activated eggs in the presence or absence of
SU6656 is significant (Pb0.01; one-way ANOVA).
Fig. 4. Induction of CGE and RMII in eggs microinjected with PLCζ cRNA.
Representative confocal micrographs of eggs colabeled for CGE (white) and
DNA (gray). None-injected, MII eggs (A, A′). PBS injected MII eggs (B, B′;
Control). PLCζ (0.2 mg/ml) injected eggs (C, C′). A–C: light microscopy, A′–
C′: fluorescence confocal microscopy. Scale bar, 10 μm.
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influenced by either SU6656 or the over-expressed DN forms of
SFKs; the mean±SD change in the 340/380 ratio did not vary
among the various treatment: 1.8±0.3, 2.0±0.5 and 1.9±0.4 for
control, SU6656 or DN injected eggs, respectively.
The effect of SFKs’ inhibition on CGE
We arbitrarily assigned the value of 1.00 to the CGE intensity
of fertilized eggs. For each activator, we calculated the ratio
between the CGE intensity of SU6656-treated and untreated
eggs. SU6656 (5 μM) had no effect on CGE of eggs activated
by either SrCl2 or PLCζ but had a dramatic effect on CGE
intensity of TPA activated eggs with a ratio value of 0.36 (Table
2). No effect on CGE was measured in non-activated eggs,
incubated in the presence of SU6656 or DMSO (data not
shown).
The effect of SFKs’ inhibition on RMII
RMII in SrCl2-activated eggs was inhibited by SU6656 in a
dose dependent manner, ranging from 95.00±0.01% (mean±
s.e.m.) in eggs not subjected to SU6656 to 96.00±0.02%,
70.00±0.01% (mean±s.e.m.) and even 0% in the presence of
SU6656 (1, 2.5 and 5 μM, respectively). The degree of PBII
extrusion was inversely related to the concentration of SU6656
(Fig. 6). SU6656 (5 μM) blocked RMII also in PLCζ cRNA-
activated eggs (data not shown) but had no effect on RMII of
non-activated eggs (97.00±0.05% of the eggs remained at MII;
Fig. 6).
Most of the puromycin-activated eggs underwent RMII
(85.00±4.90%) compared to control, non-activated eggs (6.00±
0.03%). SU6656 (5 μM) had no effect on RMII of non-activated
eggs (3.00±0.01%) but had an inhibitory effect on RMII puro-
mycin-activated eggs (5.00±0.02%; Fig. 7I). W7 was less
effective than SU6656 in inhibiting puromycin-induced RMII
(70.00±0.20%; Fig. 7I).
Since degradation of cyclin B1 can cause metaphase–
anaphase transition we intended to find out whether SFKs arecapable of degrading cyclin B1, by monitoring cyclin B1
protein in treated and untreated eggs. Cyclin B1 (60 kDa) was
present in non-activated eggs – whether exposed to SU6656 or
not, as well as in SU6656-exposed, puromycin-activated –
eggs. No cyclin B1 band was detected in puromycin-activated
eggs that had not been exposed to SU6656 (Fig. 7II, left panel).
Western blot analysis of CDC2 (34 kDa) of equally treated eggs
was performed in order to constitute an internal control for the
amount of protein content of each lane. Since puromycin blocks
synthesis of all proteins and as such may affect various signal
transduction pathways including the one we are interested in,
we intended to examine the effect of SFKs inhibition on cyclin
B1 degradation in ionomycin-activated eggs as well (Fig. 7II,
right panel). RMII in ionomycin-activated eggs was blocked in
the presence of SFKs inhibitors such as PP2 or SU6656
(Talmor-Cohen et al., 2004a), cyclin B1 was present in eggs of
all treatment groups, whether ionomycin-activated or not, and
whether exposed to SU6656 or not. However, the amount of
cyclin B1 in ionomycin-activated eggs, not exposed to
SU6656, was significantly lower (Pb0.05) than that exposed
to SU6656.
Can SFKs induce/block RMII?
We assessed the ability of CA and wt cRNA forms of Fyn, c-
Yes and c-Src to cause RMII (Fig. 8I) and cyclin B1 degradation
Fig. 5. Ca2+ oscillations induced by CA, DN or wt SFK cRNAs. (I) Eggs injected with wt SFK cRNAs (A, C, E) or with CA SFK cRNAs (B, D, F). Ca2+ oscillations in
Fura-2 loaded eggs injected with Fyn cRNAs (A, B), c-Yes cRNAs (C, D), c-Src cRNAs (E, F). Each graph represents most of the eggs that were present in the frame
(more than 60% of the eggs in the tested field). (II) Ca2+ oscillations in Fura-2 loaded, SrCl2-activated eggs injected with water (A) or a DN cRNAs mixture (Fyn+c-
Yes; B). Each graph represents most of the eggs present in the frame (more than 60% of the eggs in the tested field). (III) Ca2+ oscillations in Fura-2 loaded, fertilized
eggs injected with a mixture (Fyn+c-Yes) of wt (A) or DN cRNAs (B). Each graph represents most of the eggs present in the frame (more than 60% of the eggs in the
tested field).
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Fyn-cRNA in triggering RMII, as manifested by the proportion
of eggs undergoing RMII (84.0±4.2% and 17.0±3.6%,
respectively; Fig. 8I) or extruding PBII, 3 h post injection
(58.0±5.4% and 10.0±0.5%, respectively; Fig. 8I). The same
was the case for CA and wt forms of c-Yes-cRNA (68.0±1.2%
and 6.0±4.3% RMII respectively; Fig. 8I). Both the CA and wt
forms of c-Src cRNA were equally ineffective in triggering
RMII after 3 h of culture to allow protein translation (33.0±
2.5% and 32.0±3.2% RMII respectively; Fig. 8I; Figs. 1G′, H′).Prolonging the protein translation time to 6 h did not change the
percent of eggs resuming meiosis. It is worth mentioning that
the use of c-Src-cRNAs (CA or wt), with or without FLAG-tag,
did not change the rate of RMII (most of the eggs remained in
MII), thus indicating that the FLAG tag does not interfere with
Src activity.
We concluded that of the three SFKs, only Fyn and c-Yes
participate in the events leading to RMII. In order to support this
hypothesis we assessed the ability of DN-Fyn and DN-c-Yes
cRNAs to block RMII in eggs activated by SrCl2 (Fig. 8II).
Fig. 7. Inhibition of RMII by SU6656 in puromycin-activated eggs and
detection of cyclin B1. (I) MII eggs were incubated in TH medium in the
presence or absence of SU6656 (5 μM) or W7 (20 μM), prior to activation by
puromycin (20 μM). RMII was scored 3 h after exposure to puromycin as an
indication for egg activation. Data are expressed as percent of eggs successfully
resuming meiosis. Each bar represents at least 50 eggs per treatment at any
given experiment (3 experiments). A one-way ANOVA test was performed to
determine the significance of differences between the effect on RMII of
puromycin alone (control *) and of puromycin and SU6656 (**) or W7 (***).
*, **, ***Pb0.05. (II) Cyclin B1 and CDC2 in eggs activated by puromycin or
ionomycin in the presence or absence of SU6656. Cyclin B1 and CDC2 were
detected by anti-cyclin B1 (1:200) or anti-CDC2 (1:1000). Primary antibodies
were detected by anti-mouse (1:5000) or anti-rabbit (1:10,000) IgG secondary
antibodies, respectively, conjugated to horseradish peroxidase followed by an
ECL detection. Experiments were repeated at least 3 times; a representative
experiment is shown.
Fig. 6. Inhibition of SrCl2-induced RMII by SU6656. MII eggs were incubated
in TH−/− medium, in the presence or absence of SU6656 at the indicated
concentrations, prior to activation by SrCl2 (2 mM). RMII was scored 60 min
after exposure to SrCl2 as an indication for egg activation. Data are expressed as
percent of eggs successfully resuming meiosis. Each bar represents at least
35 eggs per treatment at any given experiment (3 experiments). One-way
ANOVA test was performed to determine the significance of differences
between the effect of SrCl2 alone (control) and of SrCl2 and SU6656 on RMII.
*Significantly different from the control (Pb0.05).
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or with a mixture of both. They were then cultured for 3 h to
allow protein translation and then subjected to 2 mM SrCl2.
Less than half of the eggs microinjected with DN-Fyn or DN-c-
Yes cRNAs underwent RMII after exposure to SrCl2 (35.0±
5.1% and 43.0±4.5%, respectively; Fig. 8II). The injected
mixture of both cRNAs was even more effective in blocking the
cell cycle progression in eggs activated by SrCl2 (only 18.0±
3.5% RMII). SrCl2-activated eggs as well as non-activated eggs
served as control groups. The majority of activated control eggs
resumed meiosis (98.0±4.3%), whereas all non-activated
control eggs (whether SFK-cRNA injected or not) remained
arrested at MII at the end of the culture period (Fig. 8II).
In view of the effectiveness of the DN cRNAs of Fyn and c-
Yes in blocking RMII in SrCl2-activated eggs we examined
their ability to exert the same effect in fertilized eggs.
Eggs were injected with DN cRNA forms of a mixture of
Fyn and c-Yes. They were then cultured for 2 h to allow protein
translation and then subjected to IVF. As a control, a mixture of
wt cRNAs of Fyn and c-Yes was injected to MII arrested eggs
2 h before insemination. MII, non-injected eggs that were
fertilized at the same conditions served as a second control.
Less than half of the eggs microinjected with the DN cRNAs
mixture underwent RMII after fertilization (47.0±3.1%; Fig.
8III), whereas the post-fertilization RMII rate in eggs micro-
injected with the wt cRNAs mixture was the same as in non-
injected, fertilized eggs (88.0±2.2%, 96.0±4.1%, respectively;
Fig. 8III).
Sperm as an activator of eggs, previously injected with a
mixture of DN-cRNA of Fyn and c-Yes, was more effective in
overcoming RMII inhibition (47.0±3.1%) than SrCl2 (18.0±
3.5%). Our hypothesis that Fyn and c-Yes participate in the
cellular events leading to PBII extrusion is still valid.Discussion
The involvement of SFKs upstream to Ca2+ rise
The information gathered from experiments employing
SU6656 as well as CA and DN forms of SFKs led us to
conclude that these agents do not prevent Ca2+ release and even
more important — they do not affect of Ca2+ stores content or
Ca2+ influx, as revealed by the use of thapsigargin. Therefore,
we hypothesize that the Ca2+-related role of SFKs could be in
modulating the Ca2+ oscillations, may be by affecting IP3R. In
lymphocytes, it had been shown that Fyn phosphorylates 353Tyr
at the IP3-binding domain of IP3R type 1. This phosphorylation
is important for enhancing Ca2+ signaling by increasing the
sensitivity of IP3R type 1 to activation by low levels of IP3 (Cui
et al., 2004; Jayaraman et al., 1995). Although we did not find
an effect on the Ca2+ stores or influx, we cannot rule out neither
the possibility of a small Ca2+ leakage through the IP3R channel
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to Ca2+ modulation. In a recent study (FitzHarris et al., 2007) it
was reported that the ER organization depends on the
cytoskeleton. Since SFKs’ inhibition could affect cytoskeleton
reorganization (Talmor-Cohen et al., 2004b) it is possible that
the modulation effect observed in our study is a result of such
mechanism. Further studies evaluating the affect of SFKs ability
to phosphorylate IP3R in eggs, on ER organization and on ER
Ca2+ ATPase pumps, as well as the effect on hydrolyzing PIP2
in modulating Ca2+ oscillations are required. Similar results
were reported by both Mehlmann and Jaffe (2005) and Meng et
al. (2006) namely — SH2 domain of Fyn did not block Ca2+Fig. 8. RMII induction by microinjected SFK cRNAs. (I) Eggs were micro-
injected with either CA or wt cRNA forms of Fyn, c-Yes or c-Src. Three hours
post injection, the eggs were fixed and stained for DNA (Hoechst, 2 μg/ml).
Activation was scored by the occurrence of RMII. Each bar represents at least
40 eggs at any given experiment (3 experiments). A one-way ANOVA test was
performed to determine the significance of differences between treatments. The
effect of CA-cRNA forms of Fyn or c-Yes on RMII was significantly different
from either control non-injected eggs or from that of wt-cRNA forms of Fyn or
c-Yes (Pb0.05). (II) Eggs were microinjected with DN cRNA forms of Fyn or
c-Yes or with a mixture of both. Three hours post injection, the eggs were
activated with SrCl2 for 8 min. An hour later the eggs were fixed and stained for
DNA (Hoechst 2 μg/ml). Activation was scored by the occurrence of RMII.
Each bar represents at least 40 eggs at any given experiment (3 experiments). A
one-way ANOVA test was performed to determine the significance of
differences between the degree of RMII in SrCl2-activated non-injected eggs
and in SrCl2-activated DN cRNA (Fyn, c-Yes or mixture) injected eggs, as well
as between DN cRNA (of Fyn, c-Yes or the mixture) injected, SrCl2-activated
and non-activated eggs. All tested differences were significant (Pb0.05). (III)
Eggs were microinjected with a mixture of Fyn and c-Yes DN cRNAs or with a
mixture of wt cRNAs of both. IVF of non-injected MII arrested eggs served as
control. The eggs were fertilized 2 h post injection. Three and a half hours later
the eggs were fixed and stained for DNA (Hoechst; 2 μg/ml). Activation was
scored by the occurrence of RMII. Each bar represents at least 30 eggs at any
given experiment (4 experiments). A one-way ANOVA test was performed to
determine the significance of differences between the rate of RMII in fertilized
non-injected eggs and in fertilized, DN cRNAs injected eggs, as well as between
fertilized, wt cRNAs injected eggs and non-fertilized eggs. All tested differences
were significant (Pb0.05).release in mouse eggs. Meng et al. (2006) demonstrated no
modulation of Ca2+ oscillations, which could be attributed to
the coinjection of SH2 domain and sperm.
It is well established that the Ca2+ signal is the master regu-
lator of egg activation, but since various patterns of Ca2+ oscil-
lations can activate freshly ovulated eggs (Ducibella et al.,
2002; Tomashov-Matar et al., 2005) we are deterred from assu-
ming that a specific signature in terms of amplitude, frequency
or number of Ca2+ oscillations is critical for egg activation.
Despite this great suppleness in processing the Ca2+ oscilla-
tions, the question remains as to whether the pattern of the Ca2+
oscillations affects some epigenetic modifications during the
activation period that impact the developmental processes at
later stages. Oscillations of high frequency and short duration
result in apoptosis of MII activated eggs rather than in normal
development (Gordo et al., 2000); but when the summation of
multiple Ca2+ stimuli reaches a sufficient threshold, proper egg
activation occurs (Toth et al., 2006). Egg activation can be
accelerated by increasing the cumulative exposure time to Ca2+
(Toth et al., 2006). Hence, the flexibility and the fidelity with
which mammalian eggs can respond to Ca2+ signaling open
new possibilities for exploring the remodeling mechanisms du-
ring egg activation. For evaluating the long-term consequences
of Ca2+ modulation on implantation rate and embryo develop-
ment, complementary strategies (Banrezes et al., 2004) are
needed.
The involvement of SFKs in CGE
The importance of CGE lies upon its ability to establish the
block to polyspermy. This block consists of changes both at the
ZP surrounding the egg and at the eggs’ plasma membrane
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that CGE can be triggered, independently, either by [Ca2+]i
increase or by PKC activation (Eliyahu and Shalgi, 2002). In the
current work, the activators that caused Ca2+ elevation (SrCl2,
PLCζ) caused also CGE at the same intensity, regardless the
presence of SFKs inhibitor. However, the pathway leading to
CGE through PKC (TPA activated) was sensitive to SFK
inhibitor. PKCδ is activated by c-Src in caco-2 cells (Saksena et
al., 2005) and its activity can be inhibited by the SFK inhibitors,
PP1 or PP2 or by siRNA c-Src in glioblastoma cells (Amos et
al., 2005). In view of the literature and the results obtained from
the current study, we may assume that PKCδ plays a role in
inducing CGE but we cannot discard the possibility that other
PKC isoenzymes may also participate in the process, which
raises the question of the role of SFKs in modulating CGE. In
a previous study we reported that the rate of CGE induced by
Ca2+ transients with various number of Ca2+ peaks was the
same (Tomashov-Matar et al., 2005). It is possible that CGE is
modulated by Ca2+-dependent proteins, such as Ca2+-depen-
dent PKC, which in turn affect the degree of CGE and hence the
block to polyspermy (Bos-Mikich et al., 1995; Jellerette et al.,
2000, Toth et al., 2006).
The involvement of SFKs downstream to Ca2+ rise
In the current work we examined the role of SFKs in the
events leading to RMII and found that RMII is inhibited by
SU6656 in a dose dependent manner in eggs activated by SrCl2.
RMII in ionomycin-activated eggs was inhibited by PP2 or
SU6656 (Talmor-Cohen et al., 2004a). These results indicate
that RMII, triggered either by ionomycin or by SrCl2, depends,
at least in part, on SFKs activity. Both SU6656 and PP2 are
inhibitors of the SFK family and thus simultaneously inhibit all
three members— Fyn, c-Yes and c-Src. For examining the role
of each individual SFK member, we used their CA forms and
learned that Fyn and c-Yes but not c-Src trigger the extrusion of
PBII. Prolonging the translation time (of the CA form of c-Src)
had no beneficial effect on c-Src ability to cause RMII, although
the autophosphorylating activity of all three CA SFK proteins,
including c-Src, indicated that they were active. The report by
Kurokawa et al. (2004a,b) that a CA c-Src protein or CA cRNA
of c-Src did not trigger mouse egg activation supports our con-
clusion that c-Src does not participate in RMII in mammalian
eggs.
We have examined the ability of the DN cRNA forms of Fyn
and c-Yes to block RMII in SrCl2-activated eggs and in fer-
tilized eggs in order to establish the role of Fyn and c-Yes in the
events leading to RMII. Since Fyn and c-Yes were found to be
active proteins already at the germinal vesicle stage, we had to
use DN forms instead of siRNA for blocking protein activity/
synthesis. We found that the DN cRNA forms of Fyn or c-Yes
can individually block SrCl2-induced RMII and that a com-
bination of both is even more effective, thus validating the
compensatory activity of SFK proteins. In fertilized eggs that
were pre-injected with the mixture of Fyn and c-Yes DN
cRNAs, RMII was less dramatically inhibited than in SrCl2-
activated eggs. The ability of sperm to induce several parallelcompensatory pathways differs from that of parthenogenetic
activators (such as SrCl2) that usually induce one pathway.
Although the DN SFKs could inhibit sperm-induced RMII by
only∼50%, the results presented strengthen our conclusion that
Fyn and c-Yes are involved in triggering RMII.
In a recent study by Meng et al. (2006), no inhibitory effect
on RMII was shown. The difference between us and Meng
could be attributed to the fact that Meng et al. used only the Fyn
SH2 domain, whereas we used the full-length proteins: Fyn and
c-Yes as DN forms. Another possibility is that inhibition of
RMII does not occur via the SH2 domain. The fact that fertilized
mouse eggs, injected with Fyn SH2 domain, were arrested after
the first or the second cleavage (Meng et al., 2006), supports our
conclusion that Fyn acts downstream to Ca2+ release. In a more
recent paper (McGinnis et al., 2007) the authors have used DN
form of Fyn and were able to demonstrate block of RMII similar
to our results.
The question remains, where in the signal transduction path-
way that leads to RMII are SFKs involved? Is it upstream to
MPF or at its level? To address that, we exposed puromycin-
activated eggs to SU6656. Puromycin triggers RMII by prevent-
ing the continuous synthesis of proteins, among them cyclin B1.
Our finding that puromycin-induced RMII was prevented in the
presence of SU6656 implies that the SFKs are active at the level
of MPF. Supportive data were obtained from western blot ana-
lysis where, in the presence of SU6656, only partial degradation
of cyclin B1 or none at all was detected in either puromycin or
ionomycin-activated eggs, as compared to complete degrada-
tion in the absence of SU6656. Therefore, RMII was blocked in
eggs both activated by puromycin or ionomycin and SFK-
inhibited, probably by preventing cyclin B1 degradation. These
results strengthen the possibility that SFKs participate in the
cellular events that lead to RMII.
For successful fertilization and degradation of cyclin B1 the
spindle of vertebrate eggs must remain stable and properly
organized during the second meiotic metaphase arrest (Terret et
al., 2003; Wassmann et al., 2003). Disruption of the MII spindle
by SFK inhibition concomitant with the observed prevention of
cyclin B1 degradation may imply a role for SFKs in RMII.
Thus, we have suggested that SFKs mediate some functions
related to the organization of a proper MII spindle, which toge-
ther with the observation that Fyn kinase is localized to the
microtubules (MTs) and is able to phosphorylate tubulin in vitro
(Talmor-Cohen et al., 2004b), implicates the proteins of this
family in MTs function. Further studies regarding these issues
are needed to establish the interaction between SFKs and cyto-
skeleton proteins.
Several studies have demonstrated that sperm-induced tyro-
sine phosphorylation of egg proteins occurs as early as 5 min
(Fyn; Kinsey, 1995) post insemination. A more recent study
revealed that SFKs are activated within 15 s (p58 kinase; Abassi
et al., 2000) in sea urchin and some deuterostome invertebrate
eggs. In zebrafish it had been shown that c-Yes activity de-
creases upon fertilization (Tsai et al., 2005). However, the
information regarding mammalian eggs is scarce and does not
point to any change in SFKs activity during fertilization (Talmor
et al., 1998). These data raise the question as to how do Fyn and
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CA Fyn and c-Yes protein caused RMII, in a different manner
than the physiological activity. On the other hand over-
expressed DN form of these two protein kinases inhibited
RMII in SrCl2-activated eggs and in fertilized eggs. Moreover,
over-expression of the CA form of c-Src did not result in RMII.
This emphasizes the essential role of Fyn and c-Yes in the
events leading to RMII. Fyn and c-Yes participate in several
events in egg activation. We may speculate that, upon
fertilization, when the intracellular Ca2+ increases, substrates
or target proteins (such as cyclin B1) become more available for
kinases like Fyn and c-Yes, thus leading to RMII.
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